ABSTRACT
Introduction Epidemiology
The incidence of obesity and overweight among children and adolescents at increasingly younger ages has reached alarming rates globally the last 25 years. Pediatric obesity rates have doubled or tripled between 1970 and 1990 in Australia, Brazil, Canada, France, Greece, Japan, the U.K. and the U.S.A [1] . There are over 155 million overweight children worldwide. According to the NHANES study, the prevalence of childhood and adolescent obesity has significantly increased over the last 15 years and is associated with increasing age, race/ethnicity, female gender and low socioeconomic status [2] .
The International Obesity Taskforce recommends the use of international age and gender specific growth charts that allow comparison of obesity rates among countries. Based on these charts, children are overweight when the Body Mass Index (BMI) is above the 85th percentile, and obese above the 95th. The World Health Organization defines overweight when the BMI Z-score is above 2 and obese when it is above 3 [3] . Obesity seems to track into adulthood; 25% of obese children and 75% of obese adolescents will reportedly eventually become obese adults [4] .
Complications of Obesity
Even in childhood and adolescence, obesity can cause immediate complications, often severely affecting almost all organs/systems (Table 1) .
Cardiovascular complications include hypertension, left ventricular hypertrophy and endothelial dysfunction. In addition, a higher percentage of overweight/obese children develop insulin resistance/type 2 diabetes (T2D), dyslipidemia and metabolic [18] .
Pediatric Obesity and Cardiovascular and metabolic complications in adults
Overweight/obese children are at increased risk of cardiovascular disease in adulthood (OR=1.7-2.6) with the risk being higher for males [19] . The Harvard Growth Study [20] , a long-term prospective study, showed that obesity in adolescence had a stronger negative effect on health than in adulthood. In addition, obesity in adolescence conferred increased mortality due to all causes, particularly due to cardiovascular disease in men, and increased morbidity from cardiovascular disease and atherosclerosis in both genders.
The Muscatine Study [21] , another prospective population study, demonstrated that obesity in childhood predicts obesity in adulthood and calcification of coronary arteries. Obesity characteristically causes insulin resistance and metabolic syndrome.
Insulin Resistance (IR)
Insulin resistance is defined by the inability of insulin to promote glucose uptake in skeletal muscles and the liver to convert it to glucagon. Central obesity is associated with insulin resistance and the development of cardiovascular disease [22] , and seems to be more prevalent in childhood than adolescence [23] .
Obesity predisposes to the development of insulin resistance and T2D. The increasing prevalence of T2D in children and adolescents is worrisome, as it previously affected adults almost exclusively [24] . In a study from the US impaired glucose tolerance (IGT) was reported in 22.1% of obese children and T2D in 2.4% of them [25] . However, the frequencies of IGT and T2D are further increased among obese high-risk populations (African-American and Hispanic children and adolescents) (19.5% and 39.8% respectively) and are markedly increased among those morbidly obese (IGT:27.3% and T2DM:52.4%) [25] .
Metabolic Syndrome
Metabolic syndrome is a constellation of: a. Glucose intolerance, b. Dyslipidemia, c. Cardiovascular disorders (hypertension), d. Hemostatic dysfunction e.Endothelial dysfunction, f. Reproductive disorders (polycystic ovaries syndrome). A modified definition of metabolic syndrome in children includes at least 3 of the criteria shown in Table 2 .
Criteria Abnormal
Fasting 
Atherogenic Dyslipidemia
Atherogenic dyslipidemia, defined by high total triglycerides and low HDL cholesterol levels, is an additional aggravating factor for the development of endothelial dysfunction [26] .
Post-mortem examinations of patients 2 -39 years old revealed a strong correlation of BMI, systolic and diastolic blood pressure (BP), total cholesterol levels, triglycerides, LDL-C and HDL-C with the degree of damage in the coronary arteries and the aorta [27] .
Factors Associated with Endothelial Dysfunction
Factors associated with endothelial dysfunction are: a. Nonpreventable, such as advancing age, male gender, menopause, family history of cardiovascular disease, homocystenemia and low birth weight, and b. Preventable, such as obesity, tobacco use, stress, sedentary lifestyle, dyslipidemia, arterial hypertension, glucose intolerance, T2D and insulin resistance [28] .
Clinical manifestations of atherosclerosis:
Precocious atherosclerosis in children presents with: a. coronary fatty streaks in 50% of adolescents and b. fibrous plaques observed in 8% of children and 12% of adolescents [29] . The presence of aortic fatty streaks and/or fibrous plaques was strongly associated with elevated total, LDL and VLDL cholesterol and low HDL cholesterol levels and with elevated systolic blood pressure [29] .
The LIFE Child Obesity study [30] , a long-term prospective population study, demonstrated that children and particularly adolescents have a high risk for endothelial dysfunction due to their propensity for central obesity and increased visceral fat.
Risk of cardiovascular disease
Arterial hypertension, endothelial dysfunction and decreased arterial elasticity, structural and functional alterations in the left heart ventricle may cause precocious development of cardiovascular complications with potential long-term implications [31, 32] .
According to the Bogalusa Heart Study [5] , a large long-term population study, parameters predictive of endothelial damage in adult life included increased LDL cholesterol, increased BMI and left ventricular hypertrophy in childhood. In addition, left ventricular hypertrophy was associated with mildly decreased myocardial function.
The Generation R prospective Study [33] indicated that overweight and obese children have echocardiographic evidence of myocardial adaptation as early as the age of 2 years.
Furthermore, Shah et al. [34] found that obese adolescents and adolescents with T2D present subclinical alterations of myocardial structure (remodeling) prior to developing left ventricular hypertrophy and cardiac malfunction.
Non-alcoholic fatty live disease (NAFLD)
NAFLD ranges from different degrees of fat accumulation in the liver and elevated transaminases, to fatty liver or steatohepatitis with or without fibrosis, to cirrhosis and its complications, while infrequently it is associated with development of hepatocellular carcinoma [35] . The NAFLD diagnostic criteria are: infiltration of more than 5% of hepatocytes confirmed by liver histology, in the absence of alcohol use, viral, autoimmune or drug-induced liver disease [36, 37] . Based on autopsy data, fatty liver was present in 9-13% of children and adolescents, 23% of which had histological changes consistent with steatohepatitis [38] . In a study of obese children that underwent gastric bypass surgery 33% suffered from fatty liver and 20% from steatohepatitis [39] . In most studies, two thirds of obese adults and half of obese children have fatty liver [40, 41] . The risk of suffering from NAFLD increases 4.14 and 5.98 times among overweight and obese adolescents compared to age-matched children [42] . Apart from obesity, T2D and insulin resistance are highly associated with NAFLD [43, 44] .
Although liver biopsy is the gold standard for the diagnosis of NAFLD, elevation of ALT and AST in conjunction with abdominal ultrasound can serve as a non-invasive, cheap, easily available screening method when steatosis exceeds 20% of hepatocytes [45] [46] [47] [48] . The steatosis score, determined by ultrasonography, was strongly associated with the fatty liver grade determined by hepatic histology [49] . CT scan is not indicated due to the risk of irradiation, but magnetic resonance imaging and magnetic resonance spectroscopy are excellent diagnostic tools to quantify the amount of liver steatosis [50] .
NAFLD can progress to steatohepatitis, hepatic fibrosis and ultimately cirrhosis and hepatic cancer [50, 51] . The presence and severity of fibrosis have been associated with higher ΒΜΙ or larger waist circumference [52, 53] .
The presence of necro-inflammation at liver biopsy is associated with possible rapid progression of fibrosis [43] . BMI, lipid profile, insulin resistance, and fasting glucose are clinical predictors of NAFLD in children [54] . Moreover, waist circumference alone seems to correlate with liver fibrosis [55] . Based on the age, waist circumference and triglyceride level, a Pediatric NAFLD fibrosis index algorithm has been developed to predict progression of disease [56] . Predictive molecules are currently under research and not yet clinically applicable [57] .
Treatment includes lifestyle modification and healthy weight reduction via diet and exercise [58, 59] . Both metformin and antioxidant drugs (vitamin E) have been used in children who failed lifestyle modification.
Obesity and respiratory system
Obesity affects the respiratory system through the development of asthma and obstructive sleep apnea.
Obesity and asthma
Obesity is associated with the presence, severity and poor control of asthma [60] [61] [62] [63] . Children had an increased risk of developing asthma in the first 6 years of life if they had been obese earlier in life [64] .
Obesity exerts a direct mechanical effect on the respiratory system. Increased fat on the chest wall and abdomen increases the weight of the thoracic wall on the lungs, reduces efficient respiration and restricts diaphragm movement [65] . Obese individuals who suffer from asthma breathe faster and in lower tidal volumes [66] . Pulmonary function tests in obese patients revealed decreased total lung capacity, vital lung capacity, and residual volume [67] .
Obese individuals' thriving inflammatory process contributes to the development of asthma. Leptin levels are associated with poor asthma control, and severe exercise induced bronchoconstriction, whereas adiponectin exerts protective, anti-inflammatory effects against asthma severity and bronchoconstriction [68] [69] [70] . The main mechanism is through shifting of the T-helper balance by adipokines from a Th2 response, observed in atopic asthma, to a Th1 response, observed in obese asthmatic individuals [71, 72] .
Obesity can increase the risk for asthma in adults by approximately 50% [73] . BMI is reportedly a better predictor of adult-onset asthma than metabolic syndrome in women, whereas insulin resistance is a better predictor of asthma-like symptoms than BMI regardless of gender [74, 75] .
Obesity and obstructive sleep apnea
Obstructive sleep apnea (OSA) is defined by recurrent upperairway obstruction during sleep, resulting in a cycle of hypoxemia, increased respiratory effort, and frequent arousals [76] . The worldwide prevalence of OSA is 2% of women and 4% of men [76] , and 45-98% of obese adults depending on the severity of obesity [77] . The prevalence of OSA in obese children is 46% compared to 33% in the general pediatric population [9] . Apart from the effects of chest and abdomen fat on lung mechanics, fat deposition in the surrounding tissues results in a narrower lumen and increased collapsibility of the upper airway, predisposing to apnea [78] . On the other hand, OSA can predispose to weight gain via reduced activity and increased appetite [79] .
The "Obesity hypoventilation syndrome" (OHS) is a novel condition associated with obesity and defined by the triad of obesity, daytime hypoventilation with hypercapnia, hypoxemia and sleep-disordered breathing [80] . In 90% of cases of OHS, sleep-disordered breathing presents as OSA and in 10% purely as sleep hypoventilation, characterised by sustained levels of low saturation without obvious apnoeic and hypopneic effects [81, 82] . The prevalence of OHS among adults is estimated to be 0.15% to 0.3% [83] .
The three main factors for the development of OHS are abnormal respiratory function, sleep disordered breathing and diminished respiratory drive [84] . Obesity leads to low lung volumes, reduction of chest wall and lung compliance and increased airway resistance [85] . This in turn causes small airway collapse during expiration and increased work of breathing [86] . Patients with OHS display increased upper airway resistance both in the sitting and lying position, whereas patients with OSA only in the supine position. Faster breathing in small tidal volumes among obese patients increases dead space and further worsens gas exchange [86] . These patients also have disordered breathing during sleep, leading to hypoxemia and hypercapnia, with decreased respiratory responsiveness. Exposure to long periods of hypoxia during wakefulness and sleep results in development of hypoxia-related disorders, such as pulmonary hypertension, congestive heart failure and cor pulmonale [84] .
Obesity and renal disease
Obesity has been associated with renal disease in children and adults [87] , and subsequently end-stage renal disease [88] . Renal grafts donated by obese individuals showed lower glomerular filtration rates (GFR) and higher allograft dysfunction rates compared to those from lean individuals [89] .
Insulin has an effect on GFR, increases albumin excretion in kidneys, increases the activity of the renin angiotensin aldosterone system and enhances the effects of angiotensin II in mesangial cells of kidneys [90] [91] [92] [93] . Decreased insulin sensitivity and hyperinsulinemia in obese individuals result in hypertension through renal sodium reabsorption and sympathetic nervous system stimulation. High blood pressure induces renal injury and nephron loss. Furthermore, insulin stimulates the production of pro-inflammatory cytokines such as interleukin-1 (IL-1), Tumour necrosis factor-a (TNF-a), C-reactive protein (CRP), leptin and resistin that contribute in podocyte remodeling, loss of split pore diaphragm integrity, basement membrane thickening and glomerular mesangial expansion [94] .
Obese children have been found to have microalbuminuria, an early index of obesity-related nephropathy. Csernus et al. found increased levels of urine albumin and b2-microglobulin in obese children [95] . Ferris et al. demonstrated that the level of microalbuminuria was strongly related to the severity of obesity in adults [96] . However, others found no differences between obese and healthy children [97] .
Finally, obesity and renal disease may be found in syndromes like Alport and Bardet-Biedl [98] . Prematurity and born small for gestational age are risk factors for obesity as well as reduced nephron mass and subsequent progression to renal disease [99] .
Obesity-autoimmunity
Autoimmune conditions clearly associated with obesity are rheumatoid arthritis, psoriasis, psoriatic arthritis and multiple sclerosis [100] [101] [102] . There is a two-fold increased risk of multiple sclerosis in obese individuals during childhood and late adolescence and an up to 6-fold risk of psoriasis [103, 104] . Obesity is also associated with increased severity of rheumatoid arthritis and psoriasis and reduced response to treatment [105] . Other associated autoimmune diseases include T1D, Hashimoto thyroiditis and inflammatory bowel disease [106, 107] .
Recent studies have revealed that adipose tissue produces proinflammatory mediators, "adipokines", which are either cytokines, such as interleukin-6 (IL-6) and TNF-a, or specific molecules such as leptin and adiponectin [108] . Leptin exerts its actions through the OB-Rb receptor, expressed in different tissues, including the immune system [109, 110] . Specifically, leptin stimulates proliferation of naïve T-cells and promotes differentiation of T-cells to Th1 cells [109, 110] . When uncontrolled, this pro-inflammatory activity could facilitate the development of autoimmunity.
On the other hand, adiponectin has anti-inflammatory properties through the reduction of the maturation and proliferation of macrophages, T-cells and B-cells, the inhibition of the production of inflammatory cytokines (IFNγ, TNFα, IL-6) and the promotion of the proliferation of regulatory T-cells [110] . Both patients with autoimmune conditions, as well as obese patients, have reportedly reduced levels of adiponectin.
Resistin or adipocyte-secreted factor and visfatin, both produced by adipose tissue, increase the production of pro-inflammatory cytokines (Il-1β, IL-6, IL-12, TNF-a), while visfatin additionally acts as a chemotactic factor and promoter of the activation of T-cells [111] . Both molecules are upregulated by inflammatory mediators and have been found increased in obese individuals. High-fat, high-salt diets popular among obese individuals can increase Th17 cells that promote autoimmunity [112] and reduce the levels of vitamin-D, which inhibits the differentiation of T-cells to Th1 and Th17 cells [113] . Furthermore, these diets can change the gut flora resulting in modulation of extra-intestinal immune responses and dysregulation of the Th17/Treg balance [114] . These theories are still controversial and additional research is required.
Obesity-cancer in adults
The association between obesity and cancer is well-established. Estimations indicate that obesity accounts for 15% of cancer cases in the U.S. [115] . Specifically, obesity is a causative factor for esophageal, colon, uterine, kidney and post-menopausal breast cancer and a significant risk factor for pancreatic, prostate cancer and non-Hodgkin's lymphoma [116, 117] . Obesity and overweight account for 15-20% of all cancer deaths in the USA [118] .
The presence of obesity increases mortality from cancer; women with a BMI>/40 kg/m 2 have a three-fold higher mortality rate from breast cancer than women with BMI </20 kg/m 2 [3] . Furthermore, cancer risk increases in parallel with the BMI in both genders [116] . Colditz et al. found that cancer is associated with obesity in 14% of cases in men and 16-20% in women [17] .
There is evidence of a connection between central obesity during childhood or adolescence and the risk for colorectal cancer development or death later in life [118] [119] [120] . Furthermore, the risk for colorectal cancer is increased in men, as it has been associated with increased waist/hip ratio and central obesity [121] .
Increased BMI between the ages of 7-13 years has also been associated with risk for papillary thyroid cancer [122] . Recently childhood obesity between 9-13 years was highlighted as a risk factor for the future development of adenocarcinoma of esophagus [123] and squamous esophageal carcinoma in women [124] . This could be attributed to the increased prevalence of gastroesophageal reflux in obesity [125] .
Although adult obesity is an established risk factor for breast cancer in post-menopausal women and associated with large tumour size, metastasis and poor prognosis [126] the impact of childhood obesity on breast cancer risk for pre-menopausal women is controversial. Some studies found that increased BMI before puberty increases the risk for premenopausal breast cancer in adulthood [127] [128] [129] [130] [131] . Inversely others found a protective effect [132] , while another study found no association between BMI at 18 years and future development of breast cancer [133] .
Obesity causes a chronic inflammatory state [134] associated with cancer [135, 136] . Adipose tissue can produce free-fatty acids, TNF-a, Il-6, leptin, adiponectin and other cytokines and hormones [137] . Through the production of these hormones adipose tissue participates in the body homeostasis, lipid metabolism and regulation of insulin sensitivity. In obese individuals enlarged adipocytes suffer from insufficient oxygenation, resulting in increased production of TNF-a, IL-6, IL-1b and MCP-1 [138] . These cytokines attract macrophages to adipose tissue [139] that in turn produce cytokines, prostaglandins and angiogenetic factors. In addition, free fatty acids are secreted from enlarged adipocytes, enter the circulation and deposit in other tissues causing increased insulin resistance and T2D [140] .
Existing evidence suggests that lipogenesis and carcinogenesis may be associated through the triglyceride/free fatty acid metabolism. Indeed, tumour cells share common characteristics with adipocytes, such as growth factor production, angiogenesis and tissue invasion and migration [141] [142] [143] . Free-fatty acids, TNF-a, Il-6 and Il-1b promote the activation of NFkB [140] . NFkB, a transcription factor found in many tumours, promotes the expression of genes to enhance cell proliferation, apoptosis, angiogenesis and metastasis. The activation of this factor has also been associated with insulin resistance and increased levels of leptin, insulin and IGF-1 [144] . In the context of obesity, increased insulin levels result in increased levels of IGF-1. Insulin activates the NFkB [145] and the phosphatidylinositol-3 kinase and mTOR pathways that have also been found in tumours [146] . In addition, increased levels of IGF-1 could result in activation of similar to insulin pathways, which affect transcription factors controlling genes responsible for cell proliferation and metastasis [147] . In animal models increased IGF-1 levels have been associated with colon, pancreatic and breast cancer [148] [149] [150] .
Obese individuals also have increased levels of leptin and reduced levels of adiponectin. Leptin affects cellular proliferation, angiogenesis and immunomodulation and the leptin receptor has similar homology to class I cytokines that signal through the janus kinase/signal transducer and activator transcription pathway, which is impaired in cancer [151] . In vitro studies have also shown that leptin has a proliferative effect in breast and prostate cancer [151] .
Accumulating evidence shows that weight reduction in obese individuals reduces the incidence of cancer, probably through the reduction of predisposing hormones and inflammatory proteins [152] . However, obese individuals frequently regain weight, thus minimising the protective effect of weight loss in future cancer development [152] [153] [154] [155] [156] .
Childhood obesity: morbidity and mortality in adult life
Childhood obesity has been associated with increased risk of cardiovascular disease and T2D (HR=1.5-5), 30% overall increased risk of cancer, twofold risk of asthma and allergies, polycystic ovaries syndrome (HR=1.5), precocious puberty, increased risk for disability related pension and sudden death [157] .
The third Harvard Growth Study, which included children from the USA born between 1922 and 1935, found that childhood obesity increases the risk of death from breast cancer and all causes in women, whereas it increases the risk of death from ischemic heart disease in men [128] .
In a Norwegian study of adolescents, the presence of high BMI was associated with increased risk of death from ischemic heart disease in both genders, but did not increase risk of death from breast cancer [158] . In a similar study in Native Indian Americans born between 1945 and 1984, rates of death from endogenous causes were more than double among children in the highest BMI quartile compared with those in the lowest [159] . A study in Welsh children born between 1937-1939 found an association between childhood BMI and mortality from all causes, but no association between high BMI in childhood and mortality from cardiovascular disease [160] . A Swedish study found a positive association between weight gain during puberty and young adulthood with the risk of death from all causes later in life [161] . The main limitations of the aforementioned studies are that possible confounding lifestyle factors were not taken into account and obesity was relatively uncommon at the time.
As previously mentioned, the association between childhood weight gain and premenopausal breast cancer is controversial [128, [162] [163] [164] . Inconsistency in the literature regarding the effect of high BMI during childhood and risk for mortality from ovarian cancer also exists [128, 158] . This can be attributed to different study populations with wide age ranges, variable reproductive histories of female participants, and heterogeneous definitions of overweight or obesity.
In a study conducted by Bjorge et al. [158] , overweight and obese adolescents had increased mortality risk later in adult life from cardiovascular diseases, T2D and cancer (rectal, oesophageal, endometrial, breast). Specifically, male adolescents with high BMI had increased risk for development of cardiovascular disease in adult life (OR=2.9) and T2D (OR=1.8 and 3.6 for overweight and obese respectively), whereas for overweight and obese women the OR for increased mortality risk was 2.6 and 5.6 respectively. The risk for respiratory disease was increased for obese (OR=4.1) as well as overweight men (OR=2.7) and women (OR=2.5). There was also increased risk for sudden death (men OR=2.2, women OR=2.7). Mortality risk increased in parallel with BMI increase in both genders, and morbidity and mortality from obesity increased proportionately to the duration and the severity of obesity [116] .
Interventions on body weight and effect on mortality
All the aforementioned studies used a measurement of BMI at some point of life to predict the future risk for mortality without adjusting for midlife BMI, whereas BMI trajectories overtime are more predictive of mortality. The third Harvard Growth Study suggested that the risk for mortality was higher when obesity occurred prior to puberty [128] . Early pubertal timing was predictive of higher adult BMI and risk for obesity in adult life. In addition, puberty is associated with psychosocial changes, predisposing to earlier development of obesity [10, 165] . Hirko et al. found that the presence of obesity at young adulthood (21 years) was associated with increased risk of all causes mortality, the leading cause being cardiovascular disease, but not from cancer. The risk was independent of the presence of obesity in middle adulthood. Possible confounders, such as smoking, alcohol, physical activity, age and sex were included in the analysis. Participants who were obese at 21 years, but non-obese at 40-65 years had increased relative mortality risk attributed to weight loss from illness or lifestyle change following a significant adverse obesity-related event or chance [166] .
In a Finnish study, females with an increased BMI from infancy to childhood or a lower BMI in infancy and childhood, which increased at the age of 8 years, had an increased risk of premature mortality later in life [167] . However, men with average BMI during the first two years of life, followed by a subsequent decrease, had a higher risk of cancer mortality. Having included socio-economic status and lifestyle factors in the analysis, no effect of adulthood BMI was found [167] .
Consequently, it is becoming apparent that increased BMI during childhood and adolescence, irrespective of normalization of weight status in adulthood, increases the long-term risk for premature mortality. However, all these studies used BMI as an indicator of obesity, although it is not the ideal measure of adiposity in children [168, 169] . In addition, trajectories have been based on the U-shaped association of BMI in adulthood and premature mortality, not necessarily applicable in childhood and early adolescence [170] . In addition, these studies were retrospective and in most weight and height were self-reported. Finally, adult obesity may be a confounding factor, since it is a strong independent predictor for future mortality and obese children are more likely to remain obese adults [171, 172] .
Mortality rates according to BMI
An increased risk of mortality has been equally found not only among obese, but also among lean individuals, following a U-shaped pattern (Figure 1 ) [173] . Specifically, individuals with BMI: 23-28 kg/m 2 have a lower mortality risk compared to overweight or underweight individuals, while the lowest mortality risk was observed in those with a BMI of 25 kg/m 2 . Based on long-term studies of U.S. population regarding the causes of death, lean and obese individuals had increased rates of all-cause mortality and increased mortality from other conditions except cancer and cardiovascular disorders [174, 175] .
Overweight individuals have lower rates of mortality from other conditions except cancer and cardiovascular disorders, but increased rates of mortality from T2D and renal disease [158] . However, obesity correlated positively with increased overall mortality and significantly increased mortality from cardiovascular disorders, certain cancer types, T2D and its complications, renal disease, obesity hypoventilation syndrome (OHS) and sudden death [158] . Specifically, the risk of death from cardiovascular disease and T2D is higher for women and for obese, while the risk for death from OHS is higher for men and for obese, and finally the risk for sudden death and cancer is similar for both genders [158] .
According to Reilly JJ et al. [157] , the longer the duration of childhood obesity, the greater the risk for comorbidities in adulthood. Furthermore, the cardiovascular risk and the risk for premature mortality and comorbidities in adulthood increase in parallel with the severity of childhood obesity.
Childhood obesity and life expectancy
During the course of the 20th century, life expectancy gradually increased to 65 years, and projected life expectancy in the USA by 2060 was estimated at 100 years [176] . However, over the past 20 years life expectancy has halted at 65 years ( Figure 2 ). This halt is attributed to the AIDS epidemic, the development of resistant microorganisms, the influenza epidemic, the atmospheric pollution, sedentary lifestyle, smoking, stress and obesity [176] . According to Olsshansky SJ et al., life expectancy in the USA has decreased by 0.3-0.75 years due to obesity. Moreover, the gradual increase in diabetes-related deaths and the obesity epidemic, overall life expectancy is estimated to decrease further by 2-5 years. Among overweight individuals, life expectancy is expected to decrease by 3 years and among obese by 1-8 years [176] .
Similarly Preston SH [177] noted that the life expectancy increase, observed in the USA, has ceased in view of the obesity epidemic and concluded that unless drastic measures are taken to battle obesity, current young adults are expected to live less healthy and shorter lives than their parents.
Prevention of Obesity in Children and Adolescents
The prevention of childhood and adolescent obesity should commence during endometrial life through the avoidance of excessive maternal weight gain and the achievement of tight glycaemic control of diabetes during pregnancy. In addition, avoidance of excessive weight gain [178] and continuation of breastfeeding for at least 6 months is critical in the first few months of life. Adoption of healthy eating habits by all family members, regular exercise (at least 30 min /day), restricted TV viewing and Internet use (max 2 hours / day) and school education on healthy eating are of paramount importance [179, 180] .
Obesity in Childhood and Adolescence Life style interventions
The management of childhood and adolescent obesity is based on reducing daily calorie intake by 20-30% to lose 10% of body weight in 6 months. The diet should be based on the principles of the Mediterranean diet and feasible at school. The loss of weight should be coupled by physical activity, ideally 2-3 sessions of intense physical activity per week in addition to regular twice weekly physical education classes [181] .
Conclusion
Childhood obesity often tracks into adult life. Precocious manifestations of atherosclerosis, left ventricular hypertrophy, sleep apnea, fatty liver infiltration, endocrine disorders, musculoskeletal and psychosocial problems are observed in obese children and adolescents. Obese children are at increased risk of morbidity and mortality from cardiovascular disorders, T2D and its complications, various types of cancer and sudden death in adulthood. The risk of cancer increases proportionately to the severity of obesity and the presence of central obesity. Morbidity and mortality increase proportionately to the severity and duration of childhood obesity. Decreased life expectancy is observed among obese, but also among lean individuals, while the best life expectancy is observed among normal weight and overweight people. It is estimated that life expectancy will be decreased by 2-5 years among obese individuals. Due to obesity the current generation of children and adolescents are entitled to shorter life expectancies than their own parents. Therefore, the importance of the prevention and management of obesity with the adoption of healthy eating habits from the entire family and an active lifestyle is highlighted.
